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@ Disclosed are materials produced by diluting in a 
solvent a preceramic mixture of a partially hydrolyz- 
ed silicate ester which is applied to a substrate and 
heated to tornn a ceramic. One or more ceramic 
coatings containing silicon + carbon, 

silicon + nitrogen, or silicon + carbon + nitrogen can 
be applied over the ceramic Si02 coating. A CVD or 
PECVD top coating can be applied for further pro- 

^tection. The invention is particularly useful for coat- 

^ing electronic devices. 



CM 
O 

rs 

CM 



0. 
LU 



VeroK Copy Centre 



9NSDOCI0 'EP . 027024' A3 I . 



J) 



European Patent 
OfFice 



EUROPEAN SEARCH REPORT 



Application S -imber 



EP S7 30 962G 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Categorv j 



Citation of document with indication, ^here appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THF. 
APPLICATION Ont. CI. 4) 



P,A lEP-A-O 206 717 (NISSAN CHEMICAL 
: INDUSTRIES LTD.) 

page 1, lines 3-8; claims 1,8 * 

A iEP-A-0 Oil 738 (IBM CORP.) 
I* claims 1-4, 12 * 

A ^GB-A-2 125 423 (WESTERN ELECTRIC 
^COMPANY INC.) 
* page 1, lines 67-90 * 

A ;CE-A-1 812 977 (CORNING GLASS WORKS) 



1 

1 



C 


04 


B 


41/50 


C 


04 


B 


41/52 


H 


01 


L 


21/316 


H 


01 


L 


21/56 


H 


01 


L 


23/28 


C 


04 


B 


41/89 



TECHNICAL FIELDS 
SE.\RCHED flnt. Ci.4l 



C 04 B 35/00 

C 04 B 41/00 

H 01 L 21/00 

H 01 L 23/00 



The present search report has been drann itp for all claims 



PUce of itaixh 

BERLIN 



D^ie of coTipk'Iiun of the scorch 

26-10-1989 



CATFGORV OF CITED DOCLlMENTS 

X : particularly rclc\ant if taken alone 
Y : particularly relevant if combined Mith another 
document of the same category 

A : technological background 
O r non-wriucn disclosure 
P : intermediate document 



Exiruncr 

KESTEN W.G. 



T : thcon, or principle iinHcrljing the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



BNSCOCtD <EP D27024"!A3J._> 



0 Publication number: 0 270 241 

A2 



® EUROPEAN PATENT APPLICATION 



© Application number: 87309620.0 ® Int. CL-*: C04B 41/89 

® Date of filing: 3G-10^r 



® Priority: 04.1Za6 US 938679 




Applicant: DOW CORNING CORPORATION 


® Date of publication of aopli cation: 




3091 S. Saginaw Road 




Midland Michigan 4a686-09g5(US) 


0a06^ Bulletin 88/23 






® Designated Contracting States: 


® 


Inventor: Halusica, Loren Andrew 




4510 James Drive 


DE FR GB IT NL 




Midland Michlgan<US) 






Inventor: Michael, Keith WInton 






2715 Slebert 






Midland Mlchigan(US) 






Inventor: Tarhay, Leo 






2482 W. River Road 






Sanford Michigan(US} 




© 


Representative: Laredo, Jack Joseph et al 






Elkington and Fife High Hotbom House 52/54 






High Holborn 






London. WC1V 6SH(GB) 



0 Multilayer ceramics from silicate esters. 



@ This invention relates ro materials produced Dy 
diluting in a solvent a preceramic mixture of a par- 
tially hydrolyzed silicate ester which is applied to a 
substrate and ceramified by heating. One or more 
ceramic coatings containing silicon carbon, siitcon 
nitrogen, or silicon carbon nitrogen can be aoplied 
over the ceramified SIO 2: coating. A CVD or 
PECVD top coating can be applied for further pro- 
tection. The invention is particularly useful for coat- 
ing electronic devices. 
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MULTILAYER CERAMICS FROM SILICATE ESTERS 



Electronic devices, tcr bs aarviceable under a 
wide variety of environments ccnditiGns", must be 
able to withstand moisture, heat and abrasion re- 
sistance, among other stresses. A significant 
amount of work has been reported directed toward 
the preparation of coatings for electronic devices 
which can increase the reliability of the devices. 
None of the conventional coatings available today, 
including ceramic and metal pacKsging. can per- 
form well enough by itself to protect an electronic 
device against ail environmentai stresses. 

A com.mon cause of failure of electronic de- 
vices is micrccracks or voics in the surface pas- 
sivation of the semiconductor chip allowing the 
introduction of impurities. Thus, a need exists for a 
method which wtll overcome the formation of 
microcracks. voids or pinholes in inorganic coatings 
of electronic devices. 

Passivating coatings on electronic devices can 
provide barriers against ionic impurities, such as 
chloride ion (CI-) and sodium ion (Na + ). which can 
enter an electronic device and disrupt the transmis- 
sion of electronic signals. The passivating coating 
can also be appBed to electronic devices to provide 
some protection against moisture and volatile or- 
ganic chemicals. 

Amorpnous siHcon {hereinafter a-Si) films have 
been the subject of intense research for various 
applications in electronic industries, however, the 
use of a- Si films for environmental or hermetic 
protection of electronic devices is unknown. A 
number of possible processes have been previous- 
ly disclosed for fomning a-Si films. For instance, for 
producing films of amorpnous silicon, the following 
deposition processes have been used: chemical 
\/apor deposition (CVD), plasma enhanced CVD 
(PECVD), reactive sputtering, ion plating and 
photo-CVD, etc. Generally, the plasma enhanced 
CVD process is industnalized and widely used for 
depositing a-Si films. 

Known to those skilled in the art is the utility o* 
substrate pianarization as an interiayer within the 
oody of an electronic device and between tne 
metaliization layers. Quota and Chin 
[Microelectronics Processing. Chapter 22. 
"Characteristics of Spin-On Glass Films as a 
Planarizing Dielectric", pp349-65. American Chemi- 
cal Society. 1986) have shown multilevel intercon- 
nect systems with isolation of metallization levels 
by conventional inte^'levei dielectric insulator layers 
of doped or undoped Si02. glass films. However 
CVD dielectric films provide only at best a con- 
formal coverage of substrate features which is not 
conducive to continuous and uniform step coverage 
by an overlying metallization layer. The peer step 



coverage results in discontinuous and thin spots in 
the conductor lines causing degradation of metal- 
lization yields as well as device rsliaoiiity problems. 
Spin-on glass films have been utilized to provide 

5 interlayer isolation between the metallization layers, 
the top layer of which is later patterned by lithog- 
raphic techniques. Topcoat plananzation on the 
surface of an electronic device as opposed to 
planarizing interlevel dielectric layers, however, is 

10 unknown. 

Under the teachings of the prior art, a single 
material most often will not suffice to meet the aver 
increasing demands of speciality coating applica- 
tions, such as those found in :he electronics in- 

75 dustry. Several coating properties such as micro- 
hardness, moisture resistance, ion barrier, adhe- 
sion, ductility, tensile strength, thermal expansion 
coefficients, etc., need to be provided by succes- 
sive layers of different coatings. 

20 Silicon and nitrogen-containing preceramic 

polymers, such as siiazanes have been disclosed 
in various patents, including U.S. Patent No. 
4.404.153. issued September 13. 1983. to Gaul, 
wherein there is disclosed a process for preparing 

25 R'3, SiNH-containing s;lazane polymers by con- 
tacting and reacting cnlorine-containing disilanes 
with (R'3 S()2 NH where R' is vinyl, hydrogen, an 
alky! radical of 1 to 3 carbon atoms or the phenyl 
group. Gaul also teaches therein the use of the 

30 preceramic silazane polymers to produce siiicon- 
carbon-nitrogen-containing ceramc mRtenals. 

Gaul in U.S. Patent 4,312,970, issued January 
26, 1982. obtained ceramic materials by the 
pyrolysis of preceramic silazane polymers, which 

35 polymers were prepared by reacting organoch- 
lorosiianes and disilazanes. 

Gaul in U.S. Patent 4.340.619. issued July 20, 
1982. ootained ceramic materials by the pyrolysis 
of preceramic silazane polymers, which polymers 

40 were prepared by reacting chlonne-containing dis- 
ilanes and disilazanes. 

Cannady in U.S. Patent 4,540,803. issued Sep- 
tember 10, 1985. obtained ceramic materials by 
the pyrolysis of preceramic silazane polymers 

45 which polymers were prepared by reacting trich- 
lornsilane and disilazanes. 

The instant invention relates to the enhance- 
ment of the protection of electronic devices by the 
low temperature formation of thin multilayer ce- 

50 ramie or ceramic-Iike coatings on the surface of the 
device. What has been discovered is a method o: 
forming one or more silicon-and nitrogen-containing 
ceramic or ceramic-like coatings for the protection 
of electronic devices. 

The instant invention relates to a process for 
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the low temperature formation of multilayer and 
monoJayer coatings for the protection of electronic 
devices. The nfionolayer co^ng for ttie protection 
of electronic devices consists of ceramified silicon 
dioxide layer deposited fronn a solution of 
preceramic silicate polymer. The duaHayer coat- 
ings of the present invention consist of (1) a coat- 
ing prepared by depositing on an electronic device 
a solvent soluton of a materiaJ containing silicon 
and oxygen, wherein upon heat treatment the ma- 
terial ceramifies to form a SiOa -containing ma- 
terial, and (2) a topcoating of silicon-containing 
material, or silicon nitrogen-containing material, or 
silicon carbon-containing material, or silicon carbon 
nitrogen-containing material. 

The first layer applied over the electronic de- 
vice is a Si02. -containing planarizing and pas- 
sivating coating that is applied by known coating 
techniques, including flow coating, spin coating, dip 
coating and spray coating of an electronic device. 
The second layer is a hermetic-type barrier coating 
of silicon-containing material derived from the CVD, 
PECVD or nnetal assisted CVD of halosilanes. 
halopolysilanes, haiodisiianes. silanes or mixtures 
thereof with or without alkanes. The metal-assisted 
CVD process is claimed in the parallel U.S. patent 
application Serial No. 835,029, filed February 28, 
1986, in the name of Sudarsanan Varaprath and 
entitled "Silicon-Containing Coatings and a Method 
for Their Preparation". 

The instant invention also relates to the forma- 
tion of a three layer coating system for the protec- 
tion of electronic devices wherein the first layer !s 
an SiOz -containing planarizing coating obtained 
from a solvent solution of a material containing 
silicon and oxygen, wherein, upon heat treatment, 
the material ceramifies to form an SiOg -contain- 
ing material. Such materials can include, but are 
not limited to, organic orthosilicates, Si(0R)4 , or 
condensed esters of the type (RO)^ SiOSKOR)- 
g , and any other source of SiOR such that upon 
hydrolysis and subsequent pyrolysis a matenal of 
essentially 810 2 is produced. Thus, materials 
containing carbon, such as SiOC-contajning materi- 
als, can be included in this group ;f the carbon- 
containing group is hydrolyzable under the thermal 
conditions so as to volatilize out leaving essentially 
SiO 2 ■ The second layer, used for oassivation, is 
a ceramic or ceramic-like coating obtained by the 
ceramiflcation of a preceramic SiN-contaming ooiy- 
mer coating, or is a silicon nitrogen-containing, 
silicon carbon nitrogen-containing, or silicon 
caroon-containing layer deposited by thermal, UV. 
CVD, plasma enhanced CVD. or laser techniques. 
The third layer in the three layer coatings of the 
present invention is a top coating of (a) silicon- 
containing material applied by CVD. piasma en- 
hanced CVD. or metal assisted CVD of a silane. 



halosiiane, halodisllane, halopolysilane. or mixtures 
thereof, or (b) silicon cartoon-containing material, 
applied by CVD or plasma enhanced CVD of a 
silane, alkyisHane, halosiiane, halodisilane, 

5 halopolysilane. or mixtures thereof, and an aikane 
Of alkylsilane, or (c) silicon nitrogen-containing ma- 
teriaJ applied by CVD or plasma enhanced CVD of 
a silane, halosiiane, halodisilane. nalopolysilane, or 
mixtures thereof, and ammonia or (d) silicon car- 

TO bon nitrogerxorrtaining material applied by CVD or 
piasma enhanced CVD of hexamethyldisiiazane or 
a mixture of silanes, alkylsilanes. alkanes and am- 
monia. 

The instant invention relates to the discovery 

75 that silicon dioxide (SiOa -containing) ceramic or 
ceramic-iike coatings derived from the ceramiflca- 
tion of a silicate ester solution can be applied onto 
electronic devices and integrated circuits to provide 
protection of the devices or circuits from the envi- 

20 ronment. 

The Instant invention further relates to the dis- 
covery that these silicon dioxide (SiO 2 -contain- 
ing) ceramic or ceramic-like coatings can be coat- 
ed with various silicon, carbon and nitrogen-con- 

25 taining materials for the protection of electronic 
devices as well as other integrated circuits. 

In the instant invention, by "ceramic-like" is 
meant those pyrofyzed materials which are not fully 
free of residual cartDon and/or hydrogen but which 

30 are otherwise ceramic-like in character. By 
"hydrolyzed silicate ester" in the instant invention 
is meant any SiO 2 -containing material, as de- 
scribed above, which has been hydrolyzed or par- 
tially hydrolyzed by treatment with, for example. 

35 aqueous, basic or acidic conditions. By "electronic 
device" in the instant invention is meant devices 
including, but not limited to. electronic devices, 
silicon based devices, gallium arsenide devices, 
focal plane arrays, opto-electronic devices. 

4o photovoltaic cells, optical devices and the like. The 
coatings of the instant invention are also useful as 
dielectric layers, doped dielectric layers to produce 
transistor-like devices, pigment loaded binder sys- 
tems containing silicon to produce capacitors and 

45 capacitor-like devices, multilayer devices. 3-D de- 
vices, silicon-on-insulator (SOI) devices, super lat- 
tice devices and the like. 

The instant invention also relates to a process 
for the formation of silicon-containing top coatings 

50 for ceramic or ceramic-like coated electronic de- 
vices whereby the topcoat is preoared by plasma 
enhanced CVD, metal assisted CVD {MACVD) 
techniques, or other CVD techniques. 

The instant invention also relates to a process 

5s for forming on a substrate a ceramic or ceramic- 
like SiO 2 coating which process comprises (A) 
coating an electronic device with a planarizing 
coating by means of diluting a hydrolyzed or par- 
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tially hydrclyzed silicate ester to low solids with a 
solvent and applying ttie diluted hydrolyzec or par- 
tially hydrclyzed silicate ester solution to an eiec- 
tronic device; (B) drying the diluted hydrclyzed or 
partially hydrolyzed silicate ester solution so as to 
evaporate the solvent and thereby deposit a 
preceramic coating on tne electronic device; (C) 
ceramifying the hydrolyzed or partially hydrolyzed 
silicate ester to silicon dioxide by heating the coat- 
ed device to a temperature between 200 and 
lOOCC. to produce the ceramic or ceramic-like 
planahzing SiC2 coating on the device. 

In acdition, the instant invention relates to a 
process for forming on a substrate a multilayer, 
ceramic or C3ramlc-lil<e coating which process 
comprises (A) coating an electronic device with a 
coating by means of diluting a hydrolyzed or par- 
tially hydrolyzed silicate ester preceramic material 
with a solvent, coating an electronic device with 
said diluted hydrolyzed or partially hydrolyzed sili- 
cate ester orecerannic material solution, drying the 
diluted hydrolyzed or partially hydrolyzed silicate 
ester preceramic material solution so as to evap- 
orate the solvent and thereby deposit a hydrolyzed 
or partially hydrolyzed silicate ester preceramic 
coating on the electronic device, ceramifying the 
hydrolyzed or partially hydrolyzed silicate ester 
preceramic coating to silicon dioxide by heating the 
ccated device to a temperature between 200 and 
lOOO'C. to produce the ceramic or ceramic-like 
Si02 coating and (B) aoplying to the ceramic or 
ceramic-like Si0 2 coated device a silicon-con- 
taining coating by means of decomposing in a 
reaction chamber a silane, hatosilane, halodisilane. 
halopoiysiloxane or mixture thereof in the vapor 
phase, at a temperature between 200 and 600 °C.. 
in the presence of the ceramic or ceramic-like 
coated device, whereby an electronic device con- 
taining a multilayer, ceramic or ceramic-like, coat- 
ing thereon is obtained. The process for applying 
the planahzing or passivating coatings on the elec- 
tronic device can be, but Is not limited to, flow 
coating, spin coating, spray or dip coating tech- 
niques. 

The instant invention further relates to a pro- 
cess for forming on a substrate a multilayer, ce- 
ramic or ceramic-like, coating which process com- 
prises (A) coating an electronic device with a coat- 
ing by means of diluting a hydrolyzed or oartially 
hydrolyzed silicate ester preceramic material with a 
solvent, coating an electronic device with said dilut- 
ed hydrolyzed or partially hydrolyzed silicate ester 
preceram c material solution, drying :he diluted 
hydrolyzed or partially hydrotyzed silicate ester 
oreceramic matenal solution so as to evaporate the 
solvent anc thereby deposit a hydrolyzed or par- 
tially hydrolyzed silicate ester preceramic material 
coating on the electronic device, ceramifying the 
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hydrolyzed or partialiy hydroiyzed silicate ester 
preceramic material coating to silicon dioxide by 
heating the coated device to a temperature be- 
tween 200 and 1000°C. to produce the ceramic or 

5 ceramic-like coating, and (B) applying to the ce- 
ramic or ceramic-like coated device a silicon 
nitrogen-containing coating by means of applying 
to the ceramic or ceramic-iike coated device a 
passivating coating comprising a silicon nitrogen- 

70 containing matenal produced by means of diluting 
in a solvent a preceramic silicon nitrogen-contain- 
ing polymer, coating the ceramic or ceramic-like 
coated device with the dilutee preceramic silicon 
nitrogervcontaining polymer solution, drying the 

?5 diluted preceramic silicon nitrogen-containing poly- 
mer solution so as to evaporate the solvent and 
thereby deposit a preceramic silicon nitrogen-con- 
taining coating on the ceramic or ceramic-like coat- 
ed electronic device, and heating the coated device 

20 to a temperature of 200 to lOOO^C in an inert or 
ammonia-containing atmosphere to produce the ce- 
ramic or ceramic-like silicon nitrogen-containing 
coating on the electronic device. 

The instant invention also relates to a process 

25 for forming on a substrate a multilayer, ceramic or 
ceramic-like, coating which process comprises (A) 
coating an electronic device with a coating by 
means of diluting a hydrolyzea or partially 
hydrolyzed silicate ester preceramic material with a 

30 solvent, coating an electronic device with said dilut- 
ed hydrolyzed or partially hydrolyzed silicate ester 
preceramic material solution, drying the dilutee 
hydrolyzed or partially hydroiyzed silicate ester 
preceramic matenal solution so as to evaporate the 

35 solvent and thereby deoosit a hydrolyzed or par- 
tially hydroiyzed silicate ester preceramic material 
coating on the electronic device, ceramifying the 
hydrolyzed or partially hydroiyzed silicate ester 
preceramic material coating to silicon dioxide by 

40 heating the coated devtce to a temperature be- 
tween 200 and lOOO^C. to produce the ceramic or 
ceramic-like coating, and (B) applying to the ce- 
ramic or ceramic-like coated device a silicon 
carbon-containing coating by means of decompos- 
es ing in a reacticn chamber a silane, alkylsiiane. 
haiosilane, halodisilane, halopolysilane oi' mixture 
thereof, and a material selected from the group 
consisting of alkanes of one to six carbon atoms, 
alkylsilanes. and aikylhaiosilanes, in the vapor 

50 phase, at a temperature between 200 and 1000°C., 
in the presence of the ceramic or ceramic-like 
coated device, whereby an electronic device con- 
taining a multiiaye^ ceramic or ceramic-iike, coat- 
ing thereon is obtained. 

55 The instant invention further relates to a pro- 

cess for forming on a substrate a multilayer, ce- 
ramic or ceramic-like. coating which process com- 
prises (A) coating an electronic device with a ce- 
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ramie or ceramic-^ike coating by means of diluting 
a hydrolyzod or partially hydrcrtijezBct silicate ester 
procaramtc maaeriaJ with a solvent, coating an elec- 
tronic device with said diluted: Itijpdhalyzed or par- 
tially hydroiyzed silicate ester pnaceramic material 
solution, drying the diluted hydrolyzed or partially 
hydrolyzed silicate ester preceramic matenal solu- 
tion so as to evaporate the solvem and thereby 
deposit a hydrolyzed or partially hydrolyzed silicate 
ester preceramic materiai coating on the electronic 
device, ceramlfying ttre hydrolyzed or partially 
hydrolyzed silicate ester preceramic material coat- 
ing to silicon dioxide by he^ng the coated device 
to a temperature between 200 and 1000*C. to 
produce the ceramic or ceramtc-like coating, and 

(B) applying to the ceramic or ceramic-like coated 
device a passivating coating which comprises a 
silicon nitrogerw^orrtajning materiai by means of 
diluting with a solvent a preceramic silicon 
nitrogen-containing polymer, coating the ceramic or 
ceramic-like coated device with the preceramic sili- 
con nitrogen-containing polymer solution, drying 
the preceramic silicon nitrogen-containing polymer 
solution so as to evaporate the solvent and thereby 
depxjsit a preceramic silicon nitrogen-containing 
coating on the ceramic or ceramic-like coated elec- 
tronic device, heating the coated device to a tem- 
perature of 200 to 1000°C. in an inert or ammonia- 
containing atmosphere to produce the ceramic or 
ceramic-like silicon nitrogen-containing coating, and 

(C) applying to the ceramic or ceramic-ltke coated 
device a silicon-containing coating by means of 
decomposing in a reaction chamber a silane, 
halosilane, halodisilane or halopoiysilane or mixture 
thereof in the vaoor phase, at a temperature be- 
tween 200 and lOOCC. in the presence of the 
ceramic or ceramic-like coated device, whereby an 
electronic device containing a multilayer, ceramic 
or ceramic like, coating thereon is obtained. 

The invention also relates to a process for 
forming on a substrate a multilayer, ceramic or 
ceramic-like, coating which process comprises (A) 
coating an electronic device with a coating by 
means of diluting a hydrolyzed or partially 
hycrolyzed silicate ester oreceramic matenal with a 
solvent, coating an electronic device with said dilut- 
ed hydrolyzed or paalally hydrolyzed silicate ester 
preceramic materiai solution, drying the diluted 
hydrolyzed or partially hydrolyzea silicate ester 
preceramic material solution so as to evaporate the 
solvent and thereby deposit a hydrolyzed or par- 
tially hydrolyzed silicate ester preceramic material 
coating on the electronic device, ceramifying the 
hydrolyzed or oartlaily hydrolyzed silicate ester 
preceramic matenal coating to silicon dioxide by 
heating the coated device to a temperature be- 
tween 200 and iOOO°C. to produce the ceramic or 
ceramic-like coating, and (B) applying to the ce- 
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ramie or ceramic-like coated device a passivating 
coating which comprises a silicon nitrogen-contain- 
ing material by means of diluting with a solvent a 
preceramic silicon nitrogen-containing polymer. 
5 coating the ceramic or ceramic-like coated device 
with the diluted preceramic silicon nitrogen-contain- 
ing polymer solution, drying the diluted preceramic 
silicon nitrogen-containing polymer solution so as 
to evaporate the solvent and thereby deposit a 

10 preceramic silicon nitrogen-containing coating on 
the ceramic or ceramic-like coated electronic de- 
vice, heating the coated device to a temperature 
between 200 and lOOCC. in an inert or ammonia- 
containing atmosphere to produce the ceramic or 

T5 ceramic-iike silicon nitrogen-containing coating, and 
(C) applying to the ceramic or ceramic-like coated 
device a silicon nitrogen-containing coating by 
means of decomposing in a reaction chamber a 
silane, halosilane, halopoiysilane, or mixture thereof 

20 and ammonia, in the vapor phase, at a temperature 
between 200 and lOOCC, in the presence of the 
ceramic or ceramic-like coated device, whereby an 
electronic device containing a muftilayer, ceramk: 
or ceramic-iike. coating thereon Is obtained. 

25 The instant invention further relates to a pro- 

cess for forming on a substrate a multilayer, ce- 
ramic or ceramic-iike. coating which process com- 
prises (A) coating an electronic device with a coat- 
ing by means of diluting a hydrolyzed or partiaJly 

30 hydrolyzed silicate ester preceramic material with a 
solvent, coating an electronic device with said dilut- 
ed hydrolyzed or partially hydrolyzed silicate ester 
preceramic material solution, drying the diluted 
hydrolyzed or partially hydrolyzed silicate ester 

35 preceramic material solution so as to evaporate the 
solvent and thereoy deposit a hydrolyzed or par- 
tially hydrolyzed silicate ester preceramic materiai 
coating on the electronic device, ceramifying the 
hydrolyzed or partially hydrolyzed silicate ester 

40 preceramic material coating to silicon dioxide by 
heating the coated device to a temperature be- 
tween 200 and 1000°C. to produce the ceramic or 
ceramic-like coating, and (B) applying to the ce- 
ramic or ceramic-like coated device a passivating 

45 coating which comprises a silicon nitrogen-contair^- 
ing materiai by means of diluting with a solvent a 
preceramic silicon nitrogen-containing polymer, 
coating the ceramic or ceramic-like coatee device 
with the diluted preceramic silicon nitrogen-contain- 

50 ing oolymer solution, drying the diluted preceramic 
silicon niTrogen-containing polymer solution so as 
to evaporate the solvent and thereby deposit a 
preceramic silicon nitrogen-containing coating on 
the ceramic or ceramic-like coated electronic de- 

55 vice, heating the coated device to a temperature 
between 200 and 1000''C. in an inert or anmonia- 
containing atmosphere to produce the ceramic or 
ceramic-like silicon nitrogen-containing coating, and 

5 
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(C) applying to the ceramic or ceramic-like coated 
device a siliccn carbon-containing coating by 
means of decomposng in a reaction chamber a 
siiane, aJkylsilane, halostlane, halodtstiane. 

halopolysiiane, or mixtures thereof, and an alkane 
of on© to six carbon atoms or an alkylsilane, in the 
vapor phase, at a temperature between 200 and 
1000*C., in the presence of the ceramic or 
ceramic-like coated device, whereby an electronic 
device containing a multilayer, ceramic or ceramic- 
Ike, coating thereon is obtained. 

In the instant invention, a hydrolyzed or par- 
tially hydrolyzed silicate ester preceramic material, 
"'or example, ethyl orthosiiicate, is diluted {e.g. 0.1 
to 10 weight %) with a solvent such as isopropyl 
alcohol or ethanol. The diluted preceramic solvent 
solution is then coated onto an electronic device 
and the solvent allowed to evaporate by drying at 
ambient conditions. The process of coating the 
diluted preceramic polymer solution onto the elec- 
tronic device can be, but is not limited to. spin 
Dealing, dip coating, spray coating, or flow coating. 
The hydrolyzed or partially hydrolyzed silicate es- 
ter preceramic material rs oxidized in air, or in 
water vapor and air, to an SiOz -containing ma- 
terial. By this means ;s deoosited a preceramic 
Dolymer coating which is ceramified by heating the 
coated device, for example, for approximately one 
hour at 400*'C. A thin ceramic or ceramic-liKe 
planarlzing coating of less than 2 microns (or ap- 
proximately 3000 to 5000 A) is thus produced on 
the device. The planarizing coating thus produced 
is then coated with a passivating silicon nitrogen- 
containing ceramic or ceramic-like coating of the 
present invention or with a CVD applied silicon- 
containing coating, silicon carbon-containing coat- 
ing, or silicon nitrogen-containing coating or a com- 
bination of these coatings. 

The second and passivating silicon nitrogen- 
containing layer of the composite coatings in the 
instant invention provides resistance against ionic 
impurities. Preceramic SiN-containing polymers 
suitable for use in this present invention are well 
known in the art. including, but not limited to. 
silazanes, disilazanes. polysilazanes. cyciic 
silazanes, and other silicon nitrogen-containtng ma- 
terials. The preceramic silicon nitrogen-containing 
polymers suitable for use in this invention must be 
capable of being converted to a ceramic or 
ceramic-like material at elevated temperatures. 
Mixtures of preceramic silazane ootymers and/or 
other silicon-and nitrogen-containing materials may 
also be used in this invention. Examples of 
preceramic silazane polymers or poiysilazanes suit- 
able for use in this invention include polysilazanes 
as described oy Gaul in U.S. Patents 4,312.970 
(issued January 26, 1982), 4.340.619 (issued July 
20. 1982): 4,395.460 (issued July 26. 1983}; and 



4,404.153 (issued September 13, 1983). Suitable 
polysilazanes also include those described by 
Haluska in U.S. Patent 4,482.689 (issued Novem- 
ber 13, 1984) and by Seyferth et al. in U.S. Patent 

5 4,397.828 (issued August 9, 1983). and Seyferth et 
al. in U.S. Patent 4,482,669 (issued November 13, 
1984). Other polysilazanes suitable for use in this 
invention are disclosed by Cannady in U.S. Patents 
4,540.803 {issued September 10, 1985); 4,535,007 

?o (issued August 13, 1985), and 4,543,344 (issued 
September 24, 1985); and by Baney ot al. in U.S. 
Patent Application Serial No. 652.939, filed Sep- 
tember 21, 1984. Also suitable for use in this 
invention are dihydridosiiazane polymers preoared 

ry by the reaction of H 2. SiX z ■ where X = a halo- 
gen atom, and NH3 . These (H2 SiNH)n poly- 
mers are well known in the art, but have not been 
used for the protection of electronic devices. (See. 
for example, Seyferth, U.S. Patent No. 4,397. 828, 

20 issued August 9. 1983). 

Also to be included as preceramic silicon 
nitrogen-containing polymer materials useful within 
the scope of the present invention are the novel 
preceramic polymers derived from the reaction be- 

25 tween cyclic silazanes and halogenated disiianes, 
and also the novel preceramic polymers derived 
from the reaction between cyclic silazanes and 
halosilanes. These materials are disclosed and 
claimed in patent applications of Serial Nos. 

30 926.145, titled "Novel Preceramic Polymers De- 
rived From Cyclic Silazanes And Halogenated Dis- 
iianes And A Method For Their Preparation", and 
926,607, titled "Novel Preceramic Polymers De- 
rived From Cyciic Silazanes And Halosilanes And A 

35 Method For Their Preparation", resoectively. filed 
in the name of Loren A. Haluska. The above- 
described novel preceramic silicon nitrogen-con- 
taining polymers derived from cyclic silazanes and 
haiosilanes and/or halogenated disiianes are also 

40 useful for the protection of any substrate able to 
withstand tne temperatures necessary for 
ceramification of said preceramic polymers. Stilt 
other silicon-and nitrogen-containing materials may 
be suitaole for use in the present invention. 

45 In the preparation of the passivating layer of 

the coatings of the instant inveniion. a preceramic 
polymer containing silicon and nitrogen is diluted to 
low solids (e.g., 0.1 to 10 weight %) in a solvent 
such as toluene or n-heptane. The diluted silicon 

50 nitrogen-containing polymer solvent solution is 
coated (by any method discussed aoove) onto the 
electronic device previously coated with the 
ceramified St0 2 -containing material and the sol- 
vent allowed to evaporate by drying in an inert or 

55 ammonia-containing atm.osphere. By this means is 
deoosited a preceramic polymer coating whicn is 
ceramified by heating the coated device for ap- 
proximately one nour at temperatures up to 400*" C. 
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under argon. Thin ceramic or ceramic-like pas- 
sivating coatings of less ttian 2 microns (or ap- 
proximately 30QQ to 5000 A) are thus produced on 
the devices. 

A preferred temperature range fbr oeramifyfng 5 
or partiaily ceramifying the silicon nitrogen-contain- 
ing preceramic polymer is from 200 to 400 "C. A 
more preferred temperature range for ceramifying 
the sdicon nitrogen-containing precoramic polymer 
Is from 300 to 400'C. However, the method of w 
applying the heat for the ceramlfi cation or partial 
ceramification of the silicon nitrogen-containing 
coating is not limited to conventionaJ thermal meth- 
ods. The silicon nitrogen-containing polymer coat- 
ings useful as planarizing and passivating coatings ts 
in the instant invention can also be cured by other 
radiation means, such as, for example, exposure to 
a laser t>eam. However, the present invention is not 
limited to ceramification temperatures below 
400 °C. Ceramification techniques utilizing tempera- 20 
tures up to and including at least 1000'C. will be 
obvious to those skilled in the art. and are useful in 
the present invention where the substrate can with- 
stand such temperatures. 

By "cure" in the present invention is meant 25 
CO reaction and ceramification or partial ceramifica- 
tion o* the starting material by heating to such an 
extent that a solid poiymenc ceramic or ceramic- 
like coating material is produced. 

Alternatively, in the three layer coating of the 30 
instant invention, the second and passivating coat- 
ing can be selected from the group consisting of 
silicon nitrogen-containing material, silicon carbon 
nitrogen-containing material, and silicon carbon- 
containing material. The silicon nitrogen-containing 35 
material is deposited by the CVD or plasma en- 
hanced CVD of the reaction product formed by 
reacting silane, halosilanes, haiopoiysilanes, or 
halodisilares and ammonia. The silicon carbon- 
containing material is deposited by the CVD or 40 
plasma enhanced CVD of the reaction product 
formed by reacting silane, alkylsiiane, halosilanes. 
haiopoiysilanes. or halodisilanes and an alkane of 
one to six carbon atoms or an alkylsiiane. The 
silicon carbon nitrogen-contaming material is de- 45 
posited by the CVD or PECVD of hexamethyl- 
oisilazane or by the CVD or PECVD of mixtures 
comprising a silane, alkylsiiane, alkane, and ammo- 
nia. 

Ttie silicon-containing third layer or topcoat of 50 
the composite coatings of the present invention can 
be ot>tained at relatively low reaction temperature 
by the metal-assisted CVD process claimed in the 
parallel U.S. patent application Senai No. 835.029, 
mentioned supra, or by conventional non-metal as- 55 
sisted CVD or plasma enhanced CVD techniques. 
The metal-assisted CVD process is particularly 
suited for the deposition of coatings from SiCI^ . 




SiBr^. .HSila , HSiCIs and HSiBrs . 

The choice of substrates and devices to be 
coated by the instant invention is limited only by 
the need for thermal and chemical steibility of the 
substrate at the lower decomposition temperature 
in the atmosphere of the decomposition vessel. 

The process of ttw present invention provides 
onto the electronic devices coated with ceramified 
hydrolyzed or partially hydrolyzed silicate ester 
material and ceramified silicon nitrogen-containing 
material, a silicon-containing topcoating of a thick- 
ness which can be varied as desired depending 
upon the concentration of the silicon halides that 
are being reduced. The top coatings of the instant 
invention can be deposited by any known state-of- 
the-art technique. 

Coatings produced by the instant invention 
possess low defect density and are useful on elec- 
tronic devices as protective coatings, as corrosion 
resistant and abrasion resistant coatrngs, as tem- 
perature and moisture resistant coatings, and as a 
diffusion barrier against ionic impurities such as 
Na * and CI " . The silicon nitrogen -containing 
ceramic or ceramic-IIIce coatings of the instant in- 
vention are also useful as interlevel dielectrics with- 
in the body of the electronic device and between 
the metallization layers, thereby replacing spin-on 
glass films. 

The coatings of the present invention are use- 
ful for functional purposes in addition to protection 
of electronic devices from the environment. The 
coatings of the present invention are also useful as 
dielectric layers, doped dielectric layers to produce 
transistor-like devices, pigment loaded binder sys- 
tems containing silicon to produce capacitors and 
capacitor- 1 ike devices, multilayer devices. 3-D de- 
vices, siiicon-on-insulator (SOI) devices, and super 
lattice devices. 

Another unique aspect of the coatings pro- 
duced by the present invention is their transpar- 
ency to electromagnetic radiation. Thus, a particu- 
lar advantage of the coatings of the present inven- 
tion is utilization on focal plane arrays, photovoltaic 
cells, or opto-electronic devices in which electro- 
magnetic radiation can pass into or emanate from 
the coated device. 



Example j_ 

A solution of 3.6 milliliters of ethyl orthosilicate. 
8.6 milliliters of ethanol, 2.8 mrlliliters of water and 
one drop of 5% hydrochloric acid was heated at 
60"= C. for thirty minutes, then was diluted with 60 
milliliters of ethanol. After standing overnight at 
room temperature, the solution was flow coated 
onto aluminum panels, the coating was air dried 10 
minutes, and then heat cured in air at 400° for 2 
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^ '2 hours. After cooling to room temperature, :he 
coatings were feund to be dear and transparen*u 
Thin ceramic or cefamic-*lte SO 2 -containing 
coatings of less than Z rnicroTTs (or approximately 
3000 to 5000 A) were thxiS praducec on the panels. 



Example 2 

An RCA -4011 CMOS electronic device was 
flow coated witfi a 1 weight percent solution of the 
coating solution of Example 1. The coating was air 
dried 10 minutes, then heat curec for 1 hour at 
400 "C. By this process was produced on the elec- 
tronic device a ceramic or ceramic-like Si02 - 
containing planarizing coating of less than 2 
microns (or approximately 4000 A). 



Example 3 

A preceramic silazane polymer, prepared by 
the method of Cannady in Example 1 in U.S. 
Patent No. 4,540,803, was diluted to 1.0 weight per 
cent in toluene. The preceramic siiazane polymer 
solvent solution was then flow coated onto the 
electronic device coated- by the method of Example 
2 and the soJvent was allowed to evaporate by 
drying in the absence of air. By this means was 
deposited a preceramic polymer passivating coat- 
ing which was ceramified by heating the coated 
device for approximately one hour at 400 °C. under 
argon. Thin silicon-nitrogen-containing ceramic or 
ceramic-like passivating coatings of less than 2 
microns (or approximately 3000 Angstroms) were 
thus produced on the devices. 



Example 4 

Using the procedure of Example 3. a 
preceramic silazane polymer containing about 5 
per cent titanium, prepared by the method of 
Haluska in Example 13 in U.S. Patent No. 
4,482,689, was flow coated onto the electronic de- 
vice and the solvent allowed to evaporate by dry- 
ing. By this means was deposited a preceramic 
polymer coating which was ceramified by heating 
the coated device for approximately one hour at 
temperatures up to 400° C. under argon. Thin sili- 
con nitrogen-containing ceramic or ceramic-like 
passivating coatings of less than 2 microns (or 
approximately 3000 Angstroms) were thus pro- 
duced on the devices. 



Example 5 

Using the procedure of Example 3, a 
preceramic silazane polymer, prepared by the 

5 method of Gaul in Example 1 in U.S. Patent No. 
4,395,460, was coated onto the electronic device 
and the solvent allowed to evaporate by drying. By 
this means was deposited a preceramic polymer 
coating which was ceramified by heating the coat- 

10 ed device for approximately one hour at tempera- 
tures up to 400*0. under argon. Thin silicon 
nitrogen-containing ceramic or ceramic-like pas- 
sivating coatings of 'ess than 2 microns (or ap- 
proximately 3000 Angstroms) were thus produced 

75 on the devices. 



Example 6 

20 A 1-2 weight % solution in diethyl ether of 

dihydridosiiazane polymer, prepared oy the meth- 
oc of Seyferth in Example 1 in U.S. Patent 
4,397,828. was flow coated onto a CMOS device 
previously coated by the method of Examole 1, 

25 above. The coated device was heated in nitrogen 
for one hour at 400C. The coating and pyrolysis 
treatment dia not adversely affect the device func- 
ticn, as determined by a CMOS circuit tester. The 
coated device withstood 0.1M NaCf exposure for 

30 over four and one half hours before circuit failure. A 
nonprotected CMOS device will fail to function after 
exposure to a 0.1 M NaCI solution for less than one 
minute. 

35 

Example 7 

The electronic devices coated with the 
planarizing and/or passivating coatings of Examples 

40 1 through 6 were then overcoated with the barrier 
coats as follows; Hexafluorodisilane, 500 Torr, was 
placed in a Pyrex glass reaction container aiong 
with an electronic device, previously coated with a 
ceramified silicon nitrogen-containing material. The 

45 hexafluorodisilane was transferred to the glass con- 
tainer in such a manner as to preclude exposure to 
the atmosphere. The reaction container was then 
attached to a vacuum line, the contents evacuated, 
and the container thoroughly heated under vacuum 

50 with a gas-oxygen torch. The container was sealed 
with a natural gas-oxygen torch and heated in an 
oven for 30 minutes at a temperature of approxi- 
mately 360 'C. During this time, the nex- 
afluorocisilane starting material decomposed and 

55 formed a siiicon-containing topcoat on the pre- 
viously coated electronic device. The reaction by- 
prooucts mixtures of various haiosilanes, and any 
unreacted starting material were removed by evac- 
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nation after ttie container had been reattached to 
the vacuum line. The ceramic coated electronic 
device, onto which the decomposed hex- 
afiuorodisilane starting material had deposited a 
siiicon-contajnlng topcoating, was then removed. 



Example 8 

Using the procedure described in Example 7, 
dichlofodisilane was thermally decomposed in the 
presence of the ceramic or ceramic-like SiO^ 
and silicon nitrogen coated electronic device. An 
amorphous silicon-contajning topcoat was thereby 
deposited orrto the ceramic or ceramic-like coated 
electronic device. The coated device was tested 
and all electronic circuits were operable. 

Claims 

1. A process for forming on an electronic de- 
vice a multilayer, ceramic or ceramic-like coating 
which process comprises: 

(I) (A) coating an electronic device with a 
planarizing coating by means of diluting a 
hydrolyzed or partially hydrolyzed silicate ester 
with a solvent and applying the diluted hydrolyzed 
or partially hydrolyzed silicate ester solution to an 
electronic device; (B) drying the hydrolyzed or par- 
tially hydrolyzed silicate ester solution so as to 
evaporate the solvent and thereby deposit a 
preceramic coating on the electronic device; (C) 
ceramifying the hydrolyzed or partially hydrolyzed 
silicate ester in air, or in water vapor and air, to 
silicon dioxide by heating the coated device to a 
temperature between 200 and 1000'C. to produce 
a ceramic or ceramic-like piananzing coating. 

(II) applying to the ceramic or ceramic-like 
planarizing coating a passivating coating selected 
from the group consisting of (i) a silicon nitrogen- 
containing coating, (ii) a silicon carbon-containing 
coating, and (iii) a silicon carbon nitrogen-contain- 
ing coating, wherein the silicon nitrogen-containing 
coating is applied onto the planarizing coating of 
the electronic device by a means selected from the 
group consisting of (a) chemical vapor deposition 
of a silane. halosilane, halodisiiane, halopolysilane 
or mixtures thereof in the presence of ammonia, 
(b) plasma enhanced chemical vapor deposition of 
a silane. haiosiiane. halodisiiane, halopolysiiane or 
mixtures thereof in the presence of ammonia, (c) 
ceramification of a silicon and nitrogen-containing 
preceramic polymer; and wherein the silicon car- 
bon nitrogen-containing coating is applied onto the 
piananzing coating of the electronic device by a 
means selected from the group consisting of (1) 
chemical vapor deposition of hexamethyldisilazane. 
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(2) plasma enhanced chemical vapor deposition of 
hexamethyldisilazane, (3) chemical vapor deposi- 
tion of a siUffie. alkylsilane. hak)sitane, halodisiiane, 
haJopdysiteie or mixture thereof in the presence of 
5 an aikane of one to six cart>on atoms or an alkyl- 
silane and further in the presence of ammonia, and 
(4) plasma enhanced chemical vapor deposition of 
a silane. alkylsiiane. haiosiiane, halodisiiane. 
halopolysilane or mixture tfiereof in the presence of 

TO an aikane of one to six cartxin atcms or an alkyl- 
silarre and further in the presence of ammonia; and 
wherein the silicon cartx>n-contalning coating is de- 
posited by a means selected from the group con- 
sisting of (i) chemical vapor deposition of a silane. 

15 alkylsilane, haiosiiane, halodisiiane, halopolysilane 
or mixtures thereof in the presence of an aikane of 
one to six carbon atoms or an alkylsilane, and (ii) 
plasma enhanced chemical vapor deposition of a 
silane, alkylsilane, haiosiiane, halodisiiane. 

20 halopolysilane or mixtures thereof in the presence 
of an aikane of one to six carbon atoms or an 
alkylsilane, to produce the passivating ceramic or 
ceramic-like coating, and 

(II!) applying to the passivating ceramic or 

25 ceramic-like coating a silicon-containing coating se- 
lected from the group consisting of (i) silicon coat- 
ing, (ii) silicon carbon-containing coating, (iii) silicon 
nitrogen-containing coating, and (iv) silicon carbon 
nitrogen-containing coating, wherein the silicon 

30 coating is applied onto the passivating coating by a 
means selected from the group consisting of (a) 
chemical vapor deposition of a silane, haiosiiane. 
halodisiiane, halopolysilane or mixtures thereof, (b) 
plasma enhanced chemical vapor deposition of a 

35 silane, haiosiiane, halodisiiane, halopolysilane or 
mixtures thereof, or (c) metal assisted chemical 
vapor deposition of a silane, haiosiiane. 
halodisiiane, halopolysilane or mixtures thereof, and 
wherein the silicon carbon-containing coating is ap- 

40 plied by a means selected from the group consist- 
ing of (1) chemical vapor deposition of a silane, 
alkylsilane. haiosiiane, halodisiiane, halopolysilane 
or mixtures thereof in the presence of an aikane of 
one to six carbon atoms or an alkylsilane, (2) 

^5 plasma enhanced chemical vapor deposition of a 
silane, alkylsilane,- haiosiiane, nalodisilane. 
halopolysilane or mixtures thereof in the presence 
of an aikane of one to six carbon atoms or an 
alkylsilane; and wherein the silicon nitrogen-con- 

50 taining coating is deposited by a means selected 
from the group consisting of (A) chemical vaoor 
deposition of a silane, haiosiiane. halodisiiane, 
halopolysilane or mixtures thereof in the presence 
of ammonia. (B) plasma enhanced chemical vapor 

55 deposition of a silane, haiosiiane, nalodisilane, 
tiatopoiysilane or mixtures thereof in the presence 
of ammonia, and (C) ceramification of a silicon and 
nitrogen-containing preceramic polymer, and 
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wherein the silicon carbon nitrogen-containing coat- 
ing is deposited by a means selected from the 
group consisting of (i) chemical vapor deposition of 
hexamethyldisilazane, (ii> plasma enhanced chemi- 
caj vapor deposition of hexamethyldisilazane, (iii) 
chemical vapor deposition of a silane, alkylsilane, 
halosilane, halodisilane, halopolysilane or nrnxture 
thereof in the presence of an alkane of one to six 
carbon atoms or an alkylsilane and further in the 
presence of ammonia, and (iv) plasma ennanced 
chemical vapor deposition of a silane, alkylsilane, 
halosilane, halodisilane, halopolysilane or mixture 
thereof in the presence of an alkane of one to six 
carbon atoms or an alkylsilane and further in the 
presence of ammonia^ to produce the silicon-con- 
taining coating, whereby a multilayer, ceramic or 
ceramic-iike, coating is obtained on the electronic 
device. 

2. A process for forming on an electronic de- 
vice a dual layer, ceramic or ceramic-like coating 
which process comprises: 

(I) (A) coating an electronic device with a 
planarizfng coating by means of diluting a 
hydroiyzed or partially hydrolyzed silicate ester 
with a solvent and applying the diluted hydroiyzed 
or partially hydroiyzed silicate ester solution to an 
electronic device: (B) dr/Ing the diluted hydroiyzed 
or partially hydroiyzed silicate ester solution so as 
to evaporate the solvent and thereby deposit a 
preceramic coating on the electronic device; (C) 
ceramifying the hydroiyzed or partially hydroiyzed 
silicate ester in air, or in water vapor and air, to 
silicon dioxide by heating the coated device to a 
temperature between 200 and lOOCC to produce 
a ceramic or ceramic-like planarizing coating; and 

(II) applying to the ceramic or ceramic-like 
planahzing coating a passivating coating selected 
from the group consisting of (i) a silicon-containing 
coating, (ii) a silicon nitrogen-containing coating, 
(iii) a silicon carbon-containing coating, and (iv) a 
silicon carbon nitrogen-containing coating, wherein 
the silicon-containing coating is applied onto the 
planarizing coating of the electronic device by a 
means selected from the group consisting of (a) 
chemical vapor deposition of a siiane. halosilane, 
halodisilane. halopolysilane or mixtures thereof, (b) 
plasma enhanced chemical vapor deposition of a 
silane, halosilane, halodisilane, halopolysilane or 
mixtures rhereof, or (c) metal assistec chemical 
vapor deposition of a silane, halosilane, 
halodisilane. halopolysilane or mixtures thereof; 
wherein the silicon nitrogen-containing coating is 
applied onto the ceramic or ceramic-like coated 
electronic cevice by a means selected from the 
group consisting of (a) chemical vapor deposition 
of a Sliane. halosilane, halodisilane, halopolysilane 
or mixtures thereof in the presence of ammonia, 
(b) plasma enhanced chemical vapor deposition of 
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a silane, haiosilane, haJcdisilane, halopolysilane or 
mixtures thereof in the presence of ammonia, (c) 
ceramificaticn of a silican and nitrogen-containing 
preceramic polymer; and wherein the silicon car- 

5 bon nitrcgen-cantaining. coating is applied onto the 
planarizing ccatirrg of the electronic device by a 
means selected from the group consisting of (1) 
chemk:ai vapor deposition of hexamethyldisilazane, 
(2) plasma enhanced chemical vapor deposition of 

TO hexamethyldisilazane, (3) chemical vapor deposi- 
tion of a silane, alkylsilane, halosilane, halodisilane, 
halopofysilane or mixture thereof in the presence of 
an alkane of one to six carbon atoms or an alkyl- 
silane and further in the presence of ammonia, and 

T5 (4) plasma enhanced chemical vapor deposition of 
a silane, alkylsilane, halosilane, halodisilane. 
halopolysilane or mixture thereof in the presence of 
an aikane of one to six carbon atoms or an alkyl- 
silane and further in the presence of ammonia; and 

20 Wherein the silicon carbon-containing coating Is de- 
posited by a means selected from the group con- 
sisting of (i) chemical vapor deposition of a silane, 
alkylsilane. halosilane, halodisilane, halopolysilane 
or mixtures thereof in the presence of an aikane of 

25 one to six carbon atoms or an alkylsilane, and (ii) 
plasma enhancec chemical vapor deposition of a 
silane. alkylsilane, halosilane, halodisilane, 
halopolysilane or mixtures thereof in the presence 
of an aikane of one to six carbon atoms or an 

30 alkylsilane, lo produce the passivating ceramic or 
ceramic-like coating, whereby a dual layer, ceramic 
or ceramic-like coating is obtained on the elec- 
tronic device. 

3. A process for forming on an electronic de- 

35 vice a multilayer, ceramic or ceramic-like coating 
which process comprises: 

(A) coating an electronic device with a coat- 
ing by means of diluting a hydroiyzed or partially 
hydroiyzed silicate ester preceramic matenal with a 

40 solvent, coating an electronic device with said dilut- 
ed preceramic hydroiyzed or partially hydroiyzed 
silicate ester solution, drying the diluted preceramic 
hydroiyzed or partially hydroiyzed silicate ester so- 
lution so as to evaporate the solvent and thereby 

45 deposit a preceramic coating on the electronic de- 
vice, ceramifying the hydroiyzed or partially 
hydroiyzed silicate ester in air. or in water vapor 
and air, to silicon dioxide by heating the coated 
device at a temperature of 200 to 1000°C. to 

50 produce a ceramic or ceramic-like coating, and 

(B) applying to the ceramic or ceramic-like 
coated device a silicon-containing coating by 
means of decomposing in a reaction chamber a 
siiane, halosilane, halodisilane, halopolysilane, or 

55 mixture thereof, and ammonia, in the vapor phase, 
at a temperature between 200 and 1000°C.. in the 
presence of the ceramic or ceramic-like coated 
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device, whereby an electronic device containing a 
muJtilayef. cerainic or C8ramic*like coating thereon 
is obtained. 

4. A process for forming on an electronic de- 
vice a multilayer, ceramic or ceramic-like coating 

• which process comprises: 

(A) coating an electronic device with a coat- 
ing by means of diluting a hydroiyzed or partially 
hydrolyzed silicate ester preceramic material with a 
soh/ent, coating an electronic device with said dilut- 
ed preceramic hydroiyzed or partially hydroiyzed 
silicate ester solution, drying the diluted preceramic 
hydroiyzed or partially hydroiyzed siiicate ester so- 
lution so as to evaporate the solvent and thereby 
deposit a preceramic coating on the electronic de- 
vice, cerannifying the hydroiyzed or partially 
hydroiyzed silicate ester in air, or in water vapor 
and air, to silicon dioxide by heating the coated 
device at temperatures of 200 to 1000°C. to pro- 
duce the ceramic or ceramic-like coating, and. 

(B) applying to the ceramic or ceramic-like 
coated device a silicon nitrogen-containing coating 
by means of decomposing in a reaction chamber a 
silane, halosilane, halodisilane. halopolysiloxane or 
mixture thereof, and ammonia, in the vapor phase, 
at a temperature between 200 and lOOO'C. in the 
presence of the ceramic or ceramic-like coated 
device, whereby an electronic device containing a 
multilayer, ceramic or ceramic-like coating thereon 
is obtained. 

5. A process for forming on an electronic de- 
vice a multilayer, ceramic or ceramic-like coating 
which process compnses: 

(A) coating an electronic device with a coat- 
ing by means of diluting a hydroiyzed or partially 
hydroiyzed silicate ester preceramic material with a 
solvent coating an electronic device with said dilut- 
ed preceramic hydroiyzed or partially hydroiyzed 
silicate ester solution, drying the diluted preceramic 
hydrolyzeo or partially hydroiyzed silicate ester so- 
lution so as to evaporate the solvent and thereby 
deposit a preceramic coating on the electronic de- 
vice, ceramifying the hydroiyzed or partially 
hydroiyzed silicate ester in air, or in water vapor 
and air, to silicon dioxide by heating the coated 
device at temperatures of 200 to tOOO^C. to pro- 
duce the ceramic or ceramic-like coating, and. 

(B) applying tc the ceramic or ceramic-iike 
coated device a silicon carbon-containing coating 

■ by means of decomposing in a reaction chamber a 
silane. alkylsilane. halosilane. halodisilane. 
halopolysilane. or mixture thereof, and an alkane of 
one to SIX carbon atoms or an alkylsilane, in the 
vapor phase, at a temperature between 200 and 
1000°C.. in the presence of the cerarr,ic or 
ceramic-like coated device, whereby an electronic 
device containing a multilayer, ceramic or ceramic- 
like coating thereon is obtained. 
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6. A process for forming on an electronic de- 
vice a multilayer, ceramic or ceramic-like coating 
which process comprises: 

(A) coating an electronic device with a coat- 
5 ing by means of diluting a hydroiyzed or partiaHy 

hydroiyzed silicate ester preceramic material with a 
solvent, coating an electronic device with said dilut- 
ed preceramic hydroiyzed or partially hydroiyzed 
siiicate ester solution, drying the diluted preceramic 

10 hydroiyzed or partially hydroiyzed silicate ester so- 
lution so as to evaporate the solvent and thereby 
deposit a preceramic coating on the electronic de- 
vice, ceramifying the hydroiyzed or partially 
hydroiyzed silicate ester in air, or in water vapor 

75 and air, to silicon dioxide by heating the coated 
device at temperatures of 200 to 1000°C. to pro- 
duce a ceramic or ceramic-iike coating, and, 

(B) applying to the ceramic or ceramic-like 
coated device a silicon carbon nitrogen-containing 

20 coating by means of decomposing in a reaction 
chamber hexamethyldisilazane in the vapor phase, 
at a temperature between 200 and lOOO'^C, in the 
presence of the ceramic or ceramic-like coated 
device, whereby an electronic device containing a 

25 multilayer, ceramic or ceramic-like coating thereon 
is obtained. 

7. A process for forming on an electronic de- 
vice a multilayer, ceramic or ceramic-like coating 
which process comprises: 

30 (AJ coating an electronic device with a coat- 

ing by means of diluting a hydroiyzed or partially 
nydrolyzed silicate ester preceramic material with a 
solvent, coating an electronic device with said dilut- 
ed preceramic hydroiyzed or partially hydroiyzed 

35 silicate ester solution, drying the diluted preceramic 
hydroiyzed or partially hydroiyzed silicate ester so- 
lution so as to evaporate the solvent and thereby 
deposit a preceramic coating on the electronic de- 
vice ceramifying the hydroiyzed or partially 

40 hydroiyzed silicate ester in air, or in water vapor 
and air. to silicon dioxide by heating the coated 
device at temperatures of 200 to 10G0°C. to pro- 
duce the ceramic or ceramic-like coating, and, 

(B) applying to the ceramic or ceramic-like 

'^5 coated device a silicon carbon nitrogen-containing 
coating by means of chemical vapor deposition of 
a silane. alkylsilane. halosilane, halodisilane, 
halopolysilane or mixture thereof in the presence of 
an alkane of one to six . carbon atoms or an 

50 alkylsilane and further in the oresence of ammonia, 
to produce the silicon-containing coating, whereby 
a multilayer, ceramic or ceramic-like. coating is 
obtained on the electronic device. 

8. A process for forming on an electronic de- 
£5 vice a multilayer, ceramic or ceramic-like coating 

which process comprises: 
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(A) coating an electronic device wrth a coat- 
ing by means of diJuting a hydrolyzed or partiaJJy 
hydroiyzed- silicate ester preceramic material with a 
solvent coating an electronic device with said dilut- 
ed preceramic hydroiyzed or partially hydrolyzed 5 
silicate ester solution, drying the diluted preceramic 
hydroiyzed or partially hydroiyzed silicate ester so- 
lution so as to evaporate the solvent and thereby 
deposit a preceramic coating on the electronic de- 
vice, ceramifying the hydroiyzed or partially ?o 
hydroiyzed silicate ester in air. or in water vapor 

and air, to silicon dioxide by heating the coated 
device at temperatures of 200 to 1G00*C. to pro- 
duce the ceramic or ceramic-like coating, and. 

(B) applying to the ceramic or ceramic-like rs 
coated device a silicon carbon nitrogen-containing 
coating by means of plasma enhanced chemical 
vapor deposition of a silane. alkyisilane. halosilane, 
halodisilane, halopolysilane or mixture thereof in 

the presence of an alkane of one to six carbon 20 
atoms or an alkyisilane and further in the presence 
of ammonia, to produce the silicon-containing coat- 
ing, whereby a multilayer, ceramic or ceramic-like 
coating is obtained on the electronic device. 

9 . A process for forming on an electronic 25 
device a multilayer, ceramic or ceramic-like ccating 
which process comprises: 

(A) coating an electronic device with a coat- 
ing by means of diluting a hydroiyzed or partially 
hydroiyzed silicate ester preceramic material with a 30 
soivent, coating an electronic device with the dilut- 
ed preceramic hydroiyzed or partially hydroiyzed 
silicate ester solution, dr/ing the diluted preceramic 
hydroiyzed or partially hydroiyzed silicate ester so- 
lution so as to evaporate the solvent and thereby 35 
deposit a preceramic coating on the electronic de- 
vice, ceramifying the hydroiyzed or partially 
hydroiyzed silicate ester in air, or in water vapor 

and air. to silicon dioxide by heating the coated 
device to a temperature between 200 and 1000'C. 40 
to produce a ceramic or ceramic-like coating, and, 

(B) applying to the ceramic or ceramic-like 
coated device a passivating coating comprising a 
silicon nitrogen-containing material produced by 
means of diluting in a solvent a preceramic silicon 45 
nitrogen-containing polymer, coating the ceramic or 
ceramic-like coated device with the diluted 
preceramic silicon nitrogen-containing polymer so- 
lution, drying the diluted preceramic silicon 
nitrogen-containing polymer solution so as to evap- so 
crate the solvent and thereby deposit a preceramic 
silicon nitrogen-containing coating on the ceramic 

or ceramic-like coated electronic device, neating 
the coated device to a temperature of 200 to 
1000''C. in an inert or ammonia-containing atmo- 55 
sphere to produce the ceramic silicon nitrogen- 
containing coating, and 
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(C) applying to the ceramic coated device a 
silicon-containing coating by means of decompos- 
ing in a reaction chamber a silane, halosilane. 
halodisilane or mixture thereof in the vapor phase, 
at a temperature between 200 and 600' C, in the 
presence of the ceramic or ceramic-like coated 
device, whereby an electronic device containing a 
multilayer, ceramic or ceramic-like coating thereon 
is obtained. 

10. A process for forming on an electronic 
device a multilayer, ceramic or ceramic-like ccating 
which process comprises: 

(A) coating an electronic device with a ce- 
ramic or ceramic-like coating by means of diluting 
a hydroiyzed or partially hydroiyzed silicate ester 
preceramic material with a soivent, coating an elec- 
tronic device with said preceramic hydroiyzed or 
partially hydroiyzed silicate ester solution, drying 
the preceramic hydroiyzed or partially hydroiyzed 
silicate ester solution so as to evaporate the sol- 
vent and thereby ceposit a preceramic coating on 
the electronic device, ceramifying the hydroiyzed 
or partially hydroiyzed silicate ester In air or in 
water vapor and air to silicon dioxide by heating 
the coated device to a temperature between 200 
and lOOO^C. to produce the ceramic or ceramic- 
like coating, and, 

(B) applying to the ceramic or ceramic-like 
coated device a passivating coating comprising a 
silicon nitrogen-containing material produced by 
means of diluting in a soivent a preceramic silicon 
nitrogen-containing polymer, coating :he ceramic or 
ceramic-like coated device with the diluted 
preceramic silicon nitrogen-containing polymer so- 
lution, drying the diluted preceramic silicon 
nitrogen-containing polymer solution so as to evap- 
orate the solvent and thereby deposit a preceramic 
silicon nitrogen-containing coating on the ceramic 
or ceramic-tike coated electronic device, heating 
the coated device to a temperature between 200 
and 1000°C. in an inert or ammonia-containing 
atmosphere to procuce the ceramic silicon 
nitrogen-containing coating, and 

(C) applying to the ceramic or ceramic-like 
coated device a silicon nitrogen-containing coating 
by means of decomposing in a reaction chamber a 
silane, halosilane. halodisilane, halopolysilane or 
mixture thereof, and ammonia. In the vapor phase, 
at a temperature between 200 and lOOCC. in the 
presence of the ceramic or ceramic-like coated 
device, whereby an electronic device containing a 
multilayer, ceramic or ceramic-'Ike coating thereon 
is obtained. 

T 1 . A process for forming on an electronic 
device a multilayer, ceramic or ceramic-like coating 
whicn process comprises: 
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(A) coating an electronic device vvtth a coat- 
ing by means of diluting a hydrolyzed or partiatly 
hydrofyzsd silicate estsr preceramic materiai wrth a 
soivent, co^ng an electronic device with said cfiKjt- 
ed precera/nic hydrolyzed or partially hydroly zed 

» silicale ester solution, drying the diluted preceramic 

hydrolyzed or partially hydrolyzed silicate ester so- 
lution so as to evaporate the solvent and thereby 
deposit a preceramic coating on the electronic de- 
vice, ceranifying ttro hydrolyzed or partially 
hydrolyzed silicate eater in air, or in water vapor 
and air, to silicon dioxide by heating the coated 
device to a temperature between 200 and 1000*C. 
to produce the ceramic or ceramic-like coating, 
and, 

(B) aoplying to the ceramic or ceramic-like 
coated device a passivating coating comprising a 
silicon nitrogen-containing material produced by 
means of diluting in a solvent a preceramic silicon 
nitrogen-containtng polymer, coating the ceramic or 
ceramic-like coated device with the diluted 
preceramic silicon nitrogen-containing polymer so- 
lution, drying the diluted preceramic silicon 
nitrogen-containing polymer solution so as to evap- 
orate the solvent and thereby deposit a preceramic 
silicon nitrogen-containing coating on the ceramic 
or ceramic-like coated electronic device, heating 
the coated device to a temperature between 200 
and lOOO'C. in an inert or ammonia-containing 
atrrxjsphere to produce the ceramic or ceramic-like 
silicon nitrogen-containing coating, and 

(C) applying to the ceramic or ceramic-like 
coaled device a silicon carbon-containing coating 
by means of decomposing in a reaction chamber a 
silane, alkylsilane. halosiiane, halodisilane, 
hatopoiysilane or mixture thereof, and an alkane of 
one to six carbon atoms or an alkylsilane, in the 
vapor phase, at a temperature between 200 and 
1000'C., in the presence of the ceramic or ceramic 
coated device, whereby an electronic device con- 
taining a multilayer, ceramic or ceramic-like coating 
thereon is obtained. 

12. A process for forming on an electronic 
devk:e a multilayer, ceramic or ceramic-like coating 
wh»ch process comprises: 

(A) coating an electronic device with a coat- 
ing by means of diluting a hydrolyzed or partially 
hydrolyzec silicate ester preceramic materiai with a 
solvent, coating an electronic device with said diiut- 
• ed preceramic hydrolyzed or partially hydrolyzed 

silicate ester solution, drying the diluted preceramic 
hydrolyzed or, partially hydrolyzed silicate ester 
solution so as to evaporate the solvent and thereby 
deposit a preceramic coating on the electronic de- 
vice, ceramifying tne hydrolyzed or partially 
hydrolyzed silicate ester in air, or in water vapor 
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and air, to silicon dioxide by heating the coated 
device at temperatures of 200 to lOOO'C. to pro- 
duce the ceramic or ceramic-like coating, and, 

(B) applying to the ceramic or ceramic-like 

5 coated device a passivating coating comprising a 
silicon nitrogen-containing matanai produced by 
means of diluting in a solvent a preceramic silicon 
nitrogen-containing polymer, coating the ceramic or 
ceramic-like coated device with the diluted 

10 preceramic silicon nifogen-containing polymer so- 
lution, drying the diluted preceramic silicon 
nitrogen-containing polymer solution so as to evap- 
orate the solvent arxJ thereby deposit a preceramic 
silicon nitrogen-containing coating on the ceramic 

:5 or ceramic- like coated electronic device, heating 
the coated device to a temperature between 200 
and lOOO^C. in an inert or ammonia-containing 
atmosphere to produce the ceramic or ceramic-like 
silicon nitrogen-containing coating, and. 

20 (C) applying to the ceramic or ceramic-like 

coated device a silicon carbon nitrogen-containing 
coating by means of cnemical vaoor deposition of 
hexamethyidisilazane, in the presence of the ce- 
ramic or ceramic-like coated device, whereby an 

25 electronic device containing a multilayer, ceramic 
or ceramic-like coating thereon is obtained. 

13. A process for forming on an electronic 
device a multilayer, ceramic or ceramic-like coating 
which process compyrises: 

30 (A) coating an electronic device with a coat- 

ing by means of diluting a hydrolyzed or partially 
hydrolyzed silicate ester preceramic material with a 
solvent, coating an electronic device with said dilut- 
ed preceramic hydrolyzed or partially hydrolyzed 

35 silicate ester solution, drying the diluted preceramic 
hydrolyzed or partially hydrolyzed silicate ester so- 
lution so as to evaporate the solvent and thereby 
deposit a preceramic coating on the electronic de- 
vice, ceramifying the hydrolyzed or partially 

40 hydrolyzed silicate ester In air, or in water vapor 
and air, to silicon dioxide by heating the coated 
device at temperatures of 200 to 1000°C. to pro- 
duce the ceramic or ceramic-like coating, and. 

(B) applying to the ceramic or ceramic-like 

45 coating a passivaiing coating comprising a siiicon 
nitrogen-containing matanai produced by means of 
diluting in a solvent a preceramic silicon nitrogen- 
containing polymer coating the ceramic or ceramic- 
like coated device with the diluted preceramic siii- 

50 con nitrogen-containing polymer solution, drying 
the diluted preceramic silicon nitrogen-containing 
DOlymer solution so as to evaoorate the solvent 
and thereby deposit a preceramic silicon nitrogen- 
containing coating on the ceramic or ceramic-like 

55 ::oated electronic device, heating the coated device 
to a temoerature between 200 and lOOO'C. m an 
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inert or ammonia-containing atnnosphere to pro- 
duce m© ceramic or ceramic like silicon nitrogen- 
containing coating, and, 

(C) applying to ttie ceramic or ceramic-iike 
coating a silicon caroon nitrogen-containing coating 
by means of plasma enhanced chemical vapor 
deposition of hexamethyldisilazane. in the presence 
of the ceramic or ceramic-lil<e coated device, 
whereby an electronic device containing a mul- 
tilayer, ceramic or ceramic-like coating thereon Is 
obtained, 

14. A process :or forming on an electronic 
device a murtifayer. ceramic or ceramic-like coating 
which process comprises: 

(A) coating an electronic device with a coat- 
ing by means of diluting a hydrolyzed or nartiaily 
hydrolyzed siScate ester preceramic material with a 
solvent, coaling an electronic device with said dilut- 
ed preceramic hydrolyzed or partially hydrolyzed 
silicate ester solution, drying the diluted preceramic 
nydrolyzed or partially hydrolyzed silicate ester so- 
lution so as to evaporate the solvent and thereby 
deposit a preceramic coating on the electronic de- 
vice, ceramifying the hydrolyzed or partially 
hydrolyzed silicate ester in air, or in water vapor 
and air, to silicon dioxide by heating the coated 
device at temperatures of 2QQ to 1000°C. to pro- 
duce the ceramic or ceramic-*ike coating, and, 

(B) applying to the ceramic or ceramic-like 
coated device a passlvating coating comprising a 
silicon nitrogen-coniaining material produced by 
means of diluting in a solvent a preceramic silicon 
nitrogen-containing polymer, coating the ceramic or 
ceramic-like coated device with the diluted 
preceramic silicon nitrogen-containing polymer so- 
lution, drying the diluted preceramic silicon 
nitrogen-containing polymer solution so as to evap- 
orate the solvent and thereby deposit a preceramic 
silicon nitrogen-containing coating on the ceramic 
or ceramic-like coated electronic device, heating 
the coated device to a temperature between 200 
and 1000°C. in an iner. or ammonia-containing 
atmosphere to produce the ceramic or ceramic-like 
silicon nitrogen-containing coating, and, 

(C) applying to the ceramic or ceramic-like 
coated device a silicon carbon nitrogen-containing 
coating by means or chemical vapor deposition of 
a silane. alkylsilane, halosilane, halodisiiane, 
hatopoiysilane or mixture thereof in the presence of 
an alkane of one to six carbon atoms or an alkyl- 
silane and further in the presence of ammonia, to 
produce the silicon carbon nitrogen-containing 
coating, thereby a multilayer, ceramic or ceramic- 
like, coating is obtained on the electronic device. 

15. A process for forming on an electronic 
device a multilayer, ceramic or ceramic-like coating 
which process comprises: 
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(A) coating an electronic device with a coat- 
ing by means of diluting a hydrolyzed or partially 
hydrolyzed silicate ester preceramic material with a 
solvent, coating an electronic device with said dilut- 
5 ed preceramic hydrolyzed or partially hydrolyzed 
silicate ester solution, drying the diluted preceramic 
hydrolyzed or partially hydrolyzed silicate ester so- 
lution so as to evaporate the solvent and thereby 
deposit a preceramic coating on the electronic de- 

70 vice, ceramifying the hydrolyzed or partially 
hydrolyzed, silicate ester in air, or in water vapor 
and air, to silicon dioxide by heating the coated 
device at temperatures of 200 to lOOCC. to pro- 
duce a ceramic or ceramic-like coating, and, 

75 (B) applying to the ceramic or ceramic-like 

coated device a passivating coating comprising a 
silicon nitrogen-containing materia) produced by 
means of diluting in a solvent a preceramic silicon 
nitrogen-containing polymer, coating the ceramic or 

20 ceramic-like coated device with the diluted 
preceramic silicon nitrogen-containing polymer so- 
lution, drying the diluted preceramic silicon 
nitrogen-containing polymer solution so as to evap* 
orate the solvent and thereby deposit a preceramic 

25 silicon nitrogen-containing coating on the ceramic 
or ceramic-like coated electronic device, heating 
the coated device to a temperature between 200 
and lOOO^C. in an inert or ammonia-containing 
atmosphere to produce :he ceramic or ceramic-like 

30 silicon nitrogen-containing coating, and. 

(C) applying to the ceramic or ceramic-like 
coated device a silicon carbon nitrogen-containing 
coating by means of plasma enhanced chemical 
vapor deposition of a silane, alkylsilane, halosilane. 

35 halodisiiane. halopolysilane or mixture thereof in 
the oresence of an alkane of one to six carbon 
atoms or an alkylsilane and further in the presence 
of ammonia, to produce the silicon-containing coat- 
ing, whereby a multilayer, ceramic or ceramic-like, 

40 coating is obtained on the electronic device. 

16. A process for forming on an electronic 
device a dual layer, ceramic or ceramic-like coating 
which process comprises: 

(A) coating an electronic device with a coat- 

^5 ing by means of diluting a hydrolyzed or partially 
hydrolyzed silicate ester preceramic material with a 
solvent, coating an electronic device with said dilut- 
ed preceramic hydrolyzed or partially hydroiyzed 
siiicate ester solution, drying the diluted preceramic 

50 hydrolyzed or partially hydrolyzed silicate ester so- 
lution so as to evaporate the solvent and thereby 
deposit a preceramic coating on the electronic de- 
vice, ceramifying the hydrolyzed or partially 
hydrolyzed silicate ester in air, or in water vapor 

55 and air, to silicon dioxide by heating the coated 
device to a temperature between 200 and 1000°C. 
to produce the ceramic or ceramic-like coating, 
and, 

14 
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(B) applying to the ceramic or ceramic-like 
coated device a passivating coating comprising a 
alicon nitrogen-containing materiaJ produced by 
means of diluting in a solvent a preceramic silicon 
nitrogen-containing polymer, coating the ceramic or 5 

* ceramic-like coated device with the preceramic sill* 

con nitrogen-containing polymer solution, drying 

» the preceramic silicon nitrogen-containing polymer 

solution so as to evaporate the solvent and thereby 
deposit a preceramic silicon nitrogen-containing to 
coating on the ceramic or ceramic-like coated elec- 
tronic device, and heating the coated device to a 
temperature between 200 and 1000"C. in an inert 
or ammonia-containing atmosphere to produce the 
passivating silicon nitrogen-containing coating, rs 
thereby producing a dual layer, ceramic or 
ceramic-like coating on the electronic device. 

17. A method of coating a substrate with a 
ceramic or ceramic-like silicon nitrogen-containing 
material, wherein said method comprises the steps 20 
of: 

<1) diluting with a solvent a silicon and 
nitrogen-containing preceramic polymer produced 
by reacting a cyclic silazane or a mixture of cyclic 
silazanes with a silicon-containing material selected 25 
from the group consisting of halodisilanes and 
halosilanes; 

(2) coating a substrate with the diluted 
preceramic polymer solvent solution; 

(3) drying the diluted preceramic polymer 30 
solvent solution in the absence of air so as to 
evaporate the solvent and thereby deposit a 
preceramic polymer coating on the substrate; and 

(4) heating the coated substrate in the ab- 
sence of air to produce a ceramic or ceramic-like 35 
coated substrate. 
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